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INTRODUCTION
Among elderly individuals, tooth loss is related to several risk factors, not only for the oral health but also for the general health. A 5-year cohort study concluded that edentulous subjects have significantly higher risk of development of dementia and cognitive decline [1] .
Other epidemiological studies revealed that disabilityadjusted life years (DALYs) in relation to tooth loss increased by 20 .8% between 1990 and 2010 in Asia [2, 3] . Furthermore, in low-and middle-income areas, caries and periodontal diseases are often treated by tooth extraction rather than by more conservative approaches [4] . These conditions are significantly increasing with the aging
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© 2018 Polish Dental Association of the population [5] . General oral health is also adversely impacted by consequences of tooth loss, which is closely related to decreases in the density, width, and height of the jawbone. The severity of jawbone atrophy differs among individuals [6] and even within an individual because it is influenced by the periodontal condition of the teeth and the age during which the tooth loss occurred [7] . However, the rate of jawbone atrophy is the greatest during the first few years after tooth loss [8] .
Atrophy may affect the masticatory functions, causing temporary to permanent loss of sensation in the area during eating along with a decrease in satisfaction from the loss of function. In patients with dentures, jawbone atrophy may cause pain and increase the movement of dentures during eating. The forces from eating with an ill-fitting denture are directly transferred only to the surface and not to the internal structure of the bone. Therefore, these forces do not stimulate or maintain the bone but instead decrease the blood supply and increase the rate of bone loss. These patients are at an even greater risk of developing severe bone loss [9] . Considering these findings, jawbone atrophy caused by tooth loss may reduce the quality of life in elderly patients.
The effects of bone atrophy may be severe, depending on the number of remaining teeth, patient's sex, position of tooth loss, and patient's age-related risk of osteoporosis. Several investigators have reported a relationship between tooth loss and jawbone atrophy in edentulous patients. Patients who have been edentulous for a long period have been observed to suffer from greater bone loss than those who have been edentulous for a short period [10, 11] . Tooth loss causes remodeling and resorption of the surrounding alveolar bone and eventually leads to the development of atrophic edentulous ridges; moreover, the lack of mechanical strain makes severe bone loss even greater. Other factors may also influence the amount of bone loss. Some studies have shown that women have more advanced bone loss than men, although other studies have found no such difference [12] [13] [14] . In relation to the position, tooth loss is more frequent in the posterior regions and has a greater degree of atrophy in these regions than in the anterior regions, and the loss of alveolar bone is more pronounced in the mandible than in the maxilla regions [15] . This difference may indicate that in terms of the rate of atrophy, the posterior mandible is more frequently and worse affected than any other region in the jawbone. In relation to patient's age, calcium absorption has been reported to decrease with age because of a decline in the exposure to sunlight or in the capacity of the skin to synthesize vitamin D, which leads to the development of bone porosity [16] . Furthermore, patients at risk of osteoporosis are more affected by bone loss than healthy subjects [17] . Estrogen hormone deficiency accelerates skeletal bone loss and may result in more rapid alveolar bone resorption in postmenopausal women than in men [18, 19] . This evidence suggests that reducing the rate of bone loss in elderly individuals is important for preventing bone fractures in the jawbone or in the entire body. Inspective of whether patients are at risk of osteoporosis, it is important to evaluate the age variable in relation to the number of remaining teeth and vertical mandibular bone atrophy.
Panoramic radiographs have commonly been used in general dental practices worldwide. For diagnostic examination and research, significant data are available from the teeth and their supporting structures, including the maxillary and mandibular dental arches. Previously, we showed that conventional panoramic radiography could be a reliable tool for screening osteoporosis [16, 17] . In comparison to conventional radiographic machines, digital panoramic radiography (DPR) possesses several advantages, such as its image enhancement function, adjustment of brightness and contrast, magnification of images (the zoom function), selection of a specific region of interest (ROI), and digital measurement. In this study, the use of data from DPR increased the usefulness of radiographic examination and improved the measurement quality. This study was conducted using digital panoramic radiographs in men and women aged ≥ 50 years with tooth loss in the posterior mandibular region.
To date, most published studies using edentulous patients have not answered the following questions: (i) How many teeth must be lost before the effect on bone atrophy seems significant? (ii) What is the rate of mandibular bone atrophy in relation to the remaining teeth? and (iii) What is the relationship between mandibular bone atrophy and the remaining teeth, considering these variables? It is important to conduct studies with the remaining teeth to investigate associations among these teeth as well as to increase the quality of life of elderly patients.
OBJECTIVES
The purpose of this study was to investigate the relationship between vertical mandibular bone atrophy and the number of remaining teeth in elderly Indonesian individuals. This study also evaluated variables that may be associated with mandibular bone loss, such as age and sex, to identify the relationship among these factors.
MATERIAL AND METHODS

DATA SELECTION
A total of 150 panoramic radiographs were selected from dental records of patients aged ≥ 50 years at the Radiology Department, Dental Hospital Faculty of Dentistry, Universitas Indonesia, in 2017. Demographic data, including age and sex, were recorded. All patients were Indonesian, with no special treatments or conditions related to the study. Panoramic radiographic images were evaluated for their quality, and the following exclusion criteria were applied: (i) the presence of a tumor or cyst that may affect mandibular bone height, (ii) the presence of fractures, (iii) a completely edentulous patient, and (iv) the presence of a self-reported systemic condition. Two radiographs were excluded because of the presence of jaw lesions in the ROI, which would have affected the study variables. Finally, 148 radiographs were selected and processed for the study.
All panoramic radiographs were obtained using the Cranex Tome Ceph, and the image plate was processed using the Digora PCT scanner (Soredex, Helsinki, Finland). The panoramic exposure was made at 10 milliampere-seconds (mA) for 12-15 s at 70-80 kVp. Radiographs were taken by the same radiographer using the standardized head position for panoramic radiographs. Images were evaluated using Digora for Windows 1.51 software. This study was approved by the Ethical Committee of the Faculty of Dentistry, Universitas Indonesia, and was conducted at the Dental Hospital Faculty of Dentistry, Universitas Indonesia.
MEASUREMENT OF VERTICAL MANDIBULAR BONE ATROPHY
To identify the precise point and achieve clear measurements, panoramic radiographs were taken using zoom 1×, and brightness and contrast in the ROI were adjusted. To measure vertical mandibular bone atrophy, a vertical line was created running from the crest of the alveolar ridge to the most inferior point of the mandibular inferior cortex through the center of the mental foramen. A line was traced that passed perpendicular to the tangent of the lower border of the mandible and through the center of the mental foramen. All measurements were conducted on the left and right sides of mandibular images ( Figure 1 ).
The lengths of vertical lines were summed and divided by two for the analysis. Considering that the magnification factor for this type of panoramic unit is 1.3 [20] , the measurement of mandibular bone height was calibrated by 1.3. The vertical mandibular bone height was measured by two observers. To avoid the dubious measurement of the mandibular bone height, an interobserver consensus was calibrated before the initiation of measurement, and the agreement of the two observers' measurements was evaluated using the Bland-Altman analysis. Mean differences and standard deviation (SD) between the observers' measurements were 0.17 ± 0.95. The upper and lower limits of agreement between the observers were 1.6982 and −2.0326. The graph (Figure 2) shows a scatter diagram of the differences plotted against averages of the two measurements. Horizontal lines were drawn at the mean difference and at the limits of agreement. The two measurements were considered to be in agreement and were therefore interchangeably used.
Patients' remaining teeth (including the third molars) were evaluated on panoramic radiographs using the following categories: healthy, carious, or treated. Root tips indicated for extraction were not included as the remaining teeth. The number of remaining teeth was measured by one of the authors.
DATA ANALYSIS
Patients were first divided into four categories on the basis of their number of remaining teeth: group I had 1-8 remaining teeth, group II had 9-16, group III had 17-24, and group IV had 25-32. The mandibular bone height was measured, and means and SDs were obtained for vertical mandibular bone atrophy. Statistical differences between the groups in terms of vertical mandibular bone atrophy, sex, and age were analyzed using analysis of variance (ANOVA) or Fisher's exact test, whichever was applicable. Statistical analysis was then conducted to investigate the association of vertical mandibular bone atrophy with the number of remain- 
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ing teeth using ANOVA multiple comparison tests. Finally, multiple linear regression analysis using vertical mandibular bone atrophy as the dependent variable was conducted to investigate the relationship with the number of remaining teeth after controlling for the variables of sex (1: male; 2: female) and age (1: 50-59-years old; 2: 60-69-years old; and 3: 70-79-years old). The level of significance for these tests was set at p < 0.05. All statistical analysis was conducted using IBM SPSS version 20.
RESULTS
Patients were categorized into four groups according to their number of remaining teeth (Table 1) . Means and SDs of the mandibular bone height were significantly different among the groups in the one-way ANOVA test (p < 0.001). Patients with fewer remaining teeth showed significantly lower levels of vertical mandibular bone atrophy than those with more remaining teeth. A significant difference was also noted between patients' age and their number of remaining teeth on Fisher's exact test (p = 0.017). The number of remaining teeth was significantly higher in the younger patient groups than in the elderly patient groups. However, no significant difference was noted in terms of the number of remaining teeth between male and female patients or in terms of vertical mandibular bone atrophy between male and female patients or among age groups.
To investigate the association among the patient groups in terms of the number of remaining teeth, an ANOVA multiple comparisons test was conducted (Figure 3 ). The number of remaining teeth was signifi- cantly associated with vertical mandibular bone atrophy. Mean differences and SDs for vertical mandibular bone atrophy were significantly higher in patients in groups III and IV than in those in groups I and II (group I vs. group III: 5.2 ± 1.7, p = 0.016; group I vs. group IV: 5.8 ± 1.6, p = 0.005; group II vs. group III: 3.2 ± 1.1, p = 0.023; and group II vs. group IV: 3.8 ± 1.1, p = 0.003).
Despite no significant differences in vertical mandibular bone atrophy between groups I and II or between groups III and IV, the trend line for vertical mandibular bone atrophy increased from group I to group IV. Results of multiple linear regression analysis using vertical mandibular bone atrophy as the dependent variable are shown in Table 2 . Vertical mandibular bone atrophy was significantly associated with the number of remaining teeth after controlling for sex and age (b = 0.34, p < 0.001, R 2 = 0.14). Patients with fewer remaining teeth were 1.78 times more at risk of a decrease in their mandibular bone volume than those with a higher number of remaining teeth. Furthermore, male patients were 1.78 times more likely to have a higher mandibular bone volume than female patients.
DISCUSSION
Our results demonstrated that vertical mandibular bone atrophy is significantly associated with the number of remaining teeth. As the number of remaining teeth decreased, mandibular bone atrophy increased (Figure 2) . Furthermore, the mandibular bone showed significant atrophy in patients with fewer than half of the total 32 teeth remaining. Several studies have demonstrated that tooth extraction is followed by reduction in the buccolingual and apicocoronal dimensions of the alveolar ridge at the edentulous site [8, 15] . The lack of stimulation of the surrounding bone results in a decrease in its density and dimensions. In this study, the loss of half of the teeth slowly but surely led to a significant jawbone loss. A mandibular bone that starts out with a height of approximately 27 mm can get reduced by atrophy over time to 3 mm in height in patients whose number of remaining teeth is 9-16 and 5 mm in height in those whose number of remaining teeth is 1-8. Our findings answer questions concerning how many teeth need to be lost to have a significant effect on bone atrophy and the extent to which the rate of mandibular bone atrophy is related to tooth loss.
In this study, a significant age difference was observed among the groups in relation to the number of remaining teeth ( Table 1) . The percentage of patients aged 50-59 years with 24-32 remaining teeth was 32.4% of the total number. For patients aged 60-69 and 70-79 years, the percentage decreased to 14.9% and 0.7%, respectively. Our findings support the previous evidence that the presence or absence of teeth decreases with advanced age [21] . In contrast, no difference was found between the age groups in terms of the mandibular bone height. This finding is in line with a previous study [22] . Some investigators have shown that in healthy elderly patients, age alone does not lead to the critical loss of periodontal support. Although there is an increased risk of bone loss with advanced age, the amount of loss due to age alone is probably consistent with the aging process rather than with an indication of accelerated pathological processes. No significant difference was found in terms of the mandibular bone height with advanced age in this study (Table 1) .
In dentistry, the use of a removable partial denture has become the most common choice in tooth loss therapy owing to aesthetic support for orofacial structures, replacement of hard and soft tissues, long edentulous spans, and relatively low costs. However, in relation to bone atrophy, as mentioned above, there is a greater risk of bone loss in patients with removable partial dentures [9] . Another side effect is that the remaining natural teeth are also subject to substantial damage. The teeth must support the partial denture by means of clasps, which grip onto the teeth and by design transfer lateral force, leading to increased pressure on the bone supporting the teeth. Furthermore, in patients with poor oral hygiene, food retention from the clasp or partial denture can increase the risk of caries. Eventually, the need for additional retention, support, and stability and re- duction in the rate of bone loss are common indications for a more effective therapy. An implant-supported full bridge or full denture may be the ideal therapy to resolve problems that can arise due to the use of conventional dentures. Although the cost is relatively high, numerous advantages of using dental implants make this therapy the first choice for the replacement of missing teeth [23, 24] . The present study emphasizes the importance of maintaining the jawbone height after tooth extraction through the proposed ideal therapy toward the minimization of the rate and amount of mandibular bone atrophy in elderly patients.
The limitations of this study should also be taken into account. Here a small sample size was used and the condition of the mandibular bone was not included without or with teeth in the region of the measurement. This aspect may limit the interpretation of our findings. Further confirmatory studies using these variables are needed.
CONCLUSIONS
Based on measurements made from panoramic images of elderly Indonesian individuals and their significance, vertical mandibular bone atrophy may be significantly associated with the number of remaining teeth in elderly patients. The mandibular bone shows significant atrophy in patients with fewer than half of the total number of teeth remaining.
